To identify and quantify any legacy effect of bariatric surgery on risk of incident microvascular disease in patients with type 2 diabetes.
. Despite the mounting evidence of the impact of bariatric surgery for patients with type 2 diabetes, studies have now begun to show that type 2 diabetes remission after bariatric surgery is often not durable, with rates of relapse as high as 43% after 15 years postsurgery (6, 8, 9) .
Also of importance to patients and providers are the complications that result from type 2 diabetes such as microvascular disease, primarily nephropathy, neuropathy, and retinopathy. A recent review of the literature published since 2011 found that in general, there was strong support for postbariatric reduction in risk for nephropathy, less so for retinopathy, and almost no evidence published for neuropathy (10) . Only one study had been performed with a large patient population (.2,500 bariatric patients) representative of current clinical practices in the U.S. (11) .
None of these studies examined how type 2 diabetes relapse affected the impact of bariatric surgery on microvascular disease. Of particular interest is whether patients who experience a relapse of their type 2 diabetes after surgery still have lasting protection from the development of microvascular disease. There is evidence in the nonsurgical literature that even if adults with diabetes experience a recurrence of poor glycemic control, transient periods of improved control may confer benefits for long-term incidence of microvascular complications (12, 13) . The prolonged beneficial effects of improved glycemic control observed in these studies have been termed the "legacy effect" or "metabolic memory." Whether there is a legacy effect of bariatric surgery has yet to be established.
In this report we present data that tests three specific hypotheses: 1) after bariatric surgery, patients with type 2 diabetes remission would have lower risk of incident microvascular disease compared with patients who did not experience remission, 2) patients who experienced a relapse of their type 2 diabetes after initial remission would have lower risk of incident microvascular disease than those who had never remitted, and 3) the longer a patient spent in remission before experiencing relapse, the lower their risk would be for incident microvascular disease.
RESEARCH DESIGN AND METHODS

Settings
We conducted a retrospective observational cohort study with patients who had bariatric surgery from 2001 to 2011 while enrolled in one of four U.S. integrated health care systems from the Health Care Systems Research Network (formerly the HMO Research Network) (14): Group Health (GH) in Washington state; HealthPartners (HP) in Minnesota; Kaiser Permanente Northern California (KPNC), serving the northern half of California; and Kaiser Permanente Southern California (KPSC), serving the southern half of the state. These health care systems were very diverse in their patient selection and preparation for bariatric surgery as well as in the intensity of their postoperative care and monitoring. For example, some systems required that patients with type 2 diabetes be well controlled at the time of surgery and others did not have this requirement. All study procedures were reviewed and approved by the institutional review boards of all participating sites.
Data Sources
For all health care systems, electronic medical records, insurance claims, and other data systems were organized in a virtual data warehouse to facilitate population-based research (15) . These data included enrollment and insurance coverage details; demographics; blood pressure; height; weight; laboratory values; medications dispensed; deaths; outpatient, inpatient, and emergency department use; and the diagnoses and procedures for this health care use.
Participants
The primary population of interest for this study was 20-to 79-year-old adults with severe obesity and type 2 diabetes who had a primary bariatric surgical procedure between 1 January 2001 and 31 December 2011. We used a combination of bariatric registries, chart reviews, Once this population was selected, the following exclusion criteria were applied: 1) less than one full year of continuous enrollment and drug coverage, 2) a history of gastrointestinal surgery for cancer, 3) preexisting neuropathy or retinopathy, 4) gestational diabetes if it was the sole diabetes diagnosis, and 5) metformin as the sole indicator of possible type 2 diabetes (no other type 2 diabetes medications, laboratories, or diagnoses). Application of these eligibility and exclusion criteria yielded a sample of 9,516 patients.
Further exclusions were made for patients who, at the time of surgery, were observed to have 1) a BMI ,35 kg/m 2 , 2) an estimated glomerular filtration rate (eGFR) ,60, and/or 3) an HbA 1c ,6.5%/48 mmol/mol or fasting glucose ,126 mg/dL without use of any type 2 diabetes medication, leaving us with 7,237 patients. Finally, for our primary analyses, we excluded 2,554 patients who were missing BMI, HbA 1c , and/or serum creatinine measures in the 2 years before surgery. This provided us with a final analytic sample of 4,683 patients. As indicated below, sensitivity analyses were conducted to examine the impact of missing data on our conclusions.
Analyses
Exposure Definition
The primary independent variable of interest was patient type 2 diabetes status during the course of postsurgical followup. The patient's type 2 diabetes status at any point during the postsurgical follow-up was determined as either having type 2 diabetes (beginning at the time of surgery), being in a state of remission after surgery, or being in a state of relapse after experiencing a period of remission. This was calculated as a time-varying quantity that took on a value of zero at baseline and increased as a patient accrued patient-time in remission.
A patient experienced type 2 diabetes remission when they had either 1) an HbA 1c ,6.5%/48 mmol/mol after being off all type 2 diabetes medications for $90 days and/or 2) fasting glucose ,126 mg/dL after being off all type 2 diabetes medications for $7 days (16). These time frames were chosen because they corresponded with the expected duration of the effects of medications on laboratory indicators of type 2 diabetes status.
If patients experienced type 2 diabetes remission, they were classified as having relapsed if they then had 1) HbA 1c $6.5%/48 mmol/mol, 2) fasting plasma glucose $126 mg/dL, and/or 3) a restart of type 2 diabetes medication. The date of relapse was defined as the first date of an elevated HbA 1c , elevated fasting plasma glucose, or a new medication fill. If a patient experienced relapse during or within 30 days after the end of a pregnancy or hospitalization and/or during an active prescription for an oral steroid medication, this was not used for analyses as these would not be attributable to bariatric surgery. Patients could transition back and forth between the states of remission and relapse.
Outcome Definitions
The primary outcome measure was incident microvascular disease, defined as a composite indicator of the first occurrence of retinopathy, neuropathy, or nephropathy. Retinopathy was defined based on ICD-9 diagnosis codes 362.0x (diabetic retinopathy) or 250.5x (diabetes with ophthalmic manifestations). Neuropathy was also identified based on first occurrence of ICD-9 diagnosis codes (250.6 [diabetes with neurological manifestations] or 357.2 [polyneuropathy in diabetes]). Finally, nephropathy was identified based on a patient having at least two eGFR measures ,60 mL/min/ 1.73 m 2 separated by $90 days without any intervening values $60 mL/min/ 1.73 m 2 . We estimated the glomerular filtration rate using serum creatinine values and the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation (17) , using the nonblack race coefficient for individuals with unknown race. We chose not to use urine protein measures to define incident nephropathy because nearly 25% of our cohort had no baseline urine protein measurements. As indicated below, sensitivity analyses were performed to determine the impact of using this information in addition to eGFR to define nephropathy (and thus excluding 25% of the sample) on our results.
Statistical Models
Cox proportional hazards regression was used to investigate the association between type 2 diabetes status at any point in time after surgery (having type 2 diabetes without remission, being in a state of remission, or being in a state of relapse after remission) and risk of incident microvascular disease among patients with type 2 diabetes at the time of bariatric surgery. Patients were followed from the date of surgery until the first occurrence of either incident microvascular disease or a censoring event (death, disenrollment, cessation of drug coverage, an incident cancer diagnosis, or a period of .13 months without any observed health care use).
Two sets of primary models were fit. The first of these was specified to investigate relative differences in risk of incident microvascular disease, at any given point in time postsurgery, between patients who were in remission and those who had not remitted, as well as between those who had relapsed and those who had not remitted. Toward this, two time-varying dummy variable indicators were used to distinguish patients who had not remitted from those who had remitted and from those who had relapsed. Throughout this report of our findings, these models are referred to as "main effects only" models.
To investigate our central hypothesis of a bariatric surgery legacy effect related to time in remission, we additionally included an interaction between the time-varying relapse indicator and a variable representing the total time a patient spent in remission prior to their relapse. Throughout this report of our findings, these models are referred to as "interaction" models. Supplementary Data provide a detailed overview of these models.
In addition to unadjusted models, we fit adjusted models that included the following covariates at the time of , or other), use of cholesterollowering medication (statin or other), use of aspirin or other platelet inhibitor, and incident cardiovascular event before surgery (defined based on ICD-9 codes). Because of the variation in surgery eligibility and postsurgical care across the health care sites, study site (GH, HP, KPSC, and KPNC) was adjusted for using stratification of the baseline hazard function.
Sensitivity Analyses
A number of planned sensitivity analyses were also conducted to examine the impact of the following: 1) excluding the largest health care site from analyses to determine its impact on the findings, 2) using both abnormally elevated urine protein and low eGFR as indicators of incident nephropathy, and 3) performing multiple imputation for all missing values of BMI, HbA 1c , eGFR, and race/ethnicity. For the last of these, we constructed M = 10 full data sets using multiple imputation by chained equations (18) , each of size n = 9,525 corresponding to the bariatric patients identified after applying the first round of inclusion/ exclusion criteria. Patients in these full data sets not satisfying BMI, eGFR, and type 2 diabetes eligibility criteria (either on the basis of known values or imputed values) were excluded to form the M = 10 analytic data sets.
Effect Modification
In addition to our main analysis, we investigated several a priori-specified interactions, including age, BMI, race/ethnicity, and procedure type. Figure 1 provides estimates of the cumulative probability of incident microvascular disease over time after bariatric surgery, as well as the cumulative probability of each of the indicators of microvascular disease (nephropathy, neuropathy, and retinopathy). The 1-, 3-, 5-, and 7-year rates of incident microvascular disease were 9.5%, 20.9%, 31.1%, and 40.5%, respectively. The rate of incident microvascular disease was primarily due to the incidence of retinopathy, which occurred at a rate of 8.0%, 18.2%, 28.4%, and 36.5% at 1, 3, 5, and 7 years postsurgery. The rates of nephropathy (0.7%, 1.5%, 2.6%, and 4.9%) and neuropathy (0.4%, 1.1%, 1.5%, and 1.9%) were much lower. . Also similar the main effects only model, the interaction model found that the risk for incident microvascular disease in patients who experienced relapse after remission was not significantly different than the risk for those who had not remitted (HR 1.14 [95% CI 0.79, 1.65]). However, unlike the main effects only model, the HR in the interaction model was .1.0. The difference in the HR is likely due to the presence of the interaction and is interpreted as the relative difference in risk between patients who relapse immediately after remitting their type 2 diabetes (i.e., the cumulative time in remission is zero) and those who never remitted.
RESULTS
Participants
Finally we found support for the legacy effect of bariatric surgery for patients with type 2 diabetes. The more time a patient accrued in remission before experiencing relapse, the less risk they had of incident microvascular disease when compared with patients who never remitted (HR 0.81 [95% CI 0.67, 0.99]). For each additional year of time spent in remission, the HR decreased by 19%. Figure 2 provides a visual representation of the legacy effect HR as a function of time spent in remission prior to relapse. The HR is equal to 1.14 when time spent in remission is zero, with the slope decreasing at a rate of 19% per year.
Results of the sensitivity analyses are provided in Supplementary Data. Excluding the largest health care site from the interaction analyses did not change the adjusted legacy effect find- 
Effect of Patient-Level Factors on Risk for Incident Microvascular Disease
Additional factors that might be associated with the risk of incident microvascular disease were also examined. In the detailed fully adjusted model (see Supplementary Data for these findings), age was the strongest factor associated with the risk of developing incident microvascular disease after bariatric surgery. Significant HRs ranged from 6.46 (95% CI 2.03, 20.58) for 45-to 54-yearold adults to 34.31 (95% CI 10.54, 111.70) in 65-to 79-year-old adults when compared with adults aged 18-29 years.
Other factors related to the risk of developing incident microvascular disease after bariatric surgery were 1) having Figure 1 -Kaplan-Meier estimates of the cumulative probability of incident microvascular disease over time after bariatric surgery. Separate estimates for nephropathy, neuropathy, and retinopathy are shown, as well as an estimate for incident microvascular disease due to any of the three. Main effects only models solely consider a patient's type 2 diabetes status, comparing patients in a state of remission or relapse to those who have not remitted. Interaction models investigate a potential legacy effect by additionally permitting the HR of incident microvascular disease for patients who have relapsed, compared with those who have not remitted, to depend on the cumulative time spent in remission prior to relapsing. *Stratified by site and adjusted for the following variables described in 
CONCLUSIONS
Many prior studies, including our own (6, 7) , have demonstrated that a majority of patients who undergo bariatric procedures experience remission of their type 2 diabetes (1-5). However, very little is known about whether type 2 diabetes remission after bariatric surgery prevents the development of incident microvascular disease, and whether this positive effect persists even if a patient experiences relapse of their type 2 diabetes. In the largest multisite study to date in this area (n = 4,683 patients with type 2 diabetes), we found that patients who experienced remission of their type 2 diabetes after surgery experienced a 29% reduction in the risk of incident microvascular disease compared with those who did not experience remission after surgery. In addition, even if these patients then went on to experience a relapse of their type 2 diabetes, the more time they spent in remission prior to their relapse, the lower their risk was for developing incident microvascular disease. For each additional year of time spent in remission, the HR associated with microvascular disease decreased by 19%. This has previously been referred to as the legacy effect or as metabolic memory. Although the legacy effect has been shown with other diabetes treatment modalities (12, 13) , this is the first study to show this effect after bariatric surgery.
Although our findings for reduction in incident microvascular disease for postbariatric patients with type 2 diabetes are supported by the literature to date (10, 11, 19) , the rate reported here is less pronounced (29% reduction) compared with rates reported in other studies. For example, the Swedish Obese Subjects (SOS) study found a 56% lower risk of incident microvascular disease postsurgery (19) , and a much larger retrospective observational study of 2,580 bariatric patients found an 80% lower risk of incident microvascular disease (11) . These differences are likely related to a variety of factors, including the differential methods of determining incident microvascular disease using diagnosis and/or procedure codes alone or in combination with laboratory measures in retrospective observational studies (11) , whereas standardized, controlled methods are normally implemented for outcome assessment in prospective studies (19) .
Variations in the proportion of racial/ ethnic minority patients in these studies may also contribute to the different associations between bariatric surgery and incident microvascular disease. Patients from different racial/ethnic minority groups may have greater disease burden and severity at the time of surgery (20) , and thus the effect of surgery on type 2 diabetes remission and subsequent risk for incident microvascular disease may be attenuated. Most studies in this area are 70-90% non-Hispanic white, whereas our sample was 40% racial/ethnic minority. Although an independent association between race/ ethnicity and risk of incident microvascular disease was not observed in our study (see Supplementary Data), longer duration of type 2 diabetes and higher HbA 1c before surgery was shown to attenuate the effect of bariatric surgery on risk of incident microvascular disease.
Most of the effect of bariatric surgery on incident microvascular disease in this study population was due to a pronounced reduction in risk for retinopathy (36.5% reduction in risk at 7 years postsurgery). There have been a number of much smaller studies that have also shown the impact of bariatric surgery on the reduction in risk of retinopathy in patients with type 2 diabetes (21) (22) (23) (24) (25) , although the STAMPEDE (Surgical Therapy and Medications Potentially Eradicate Diabetes Efficiently) trial found no improvement in retinopathy outcomes with surgery after 2 years of follow-up (26) . Our study is the largest to date supporting the impact of bariatric surgery on reduction in risk for retinopathy up to 7 years postoperatively.
The interpretation of our data is limited by a number of factors. First, the retrospective observational study design precludes causal inference. Randomized controlled trials would be a superior way to evaluate the causal efficacy of bariatric surgery for risk of incident microvascular disease in patients with type 2 diabetes. However, few randomized controlled trials could enroll thousands of patients, as we have done with our study, which may be necessary to detect relatively rare events such as incident microvascular complications in bariatric surgery patients who experience remission of their type 2 diabetes, as accruing patient-time in type 2 diabetes status is difficult.
Second, the data used to define incident microvascular disease (retinopathy, nephropathy, and neuropathy) were collected in the process of routine clinical care across four large, integrated health care systems, so that missing data may have led to misclassification of microvascular complication status for some patients. Our ability to detect the end points in our study was dependent on people receiving care (eye exams, blood tests, and neuropathy assessment) and thus were more subject to misclassification than macrovascular events such as myocardial infarction and stroke, for which individuals are much more likely to seek care.
Finally, although the point estimate for the legacy effect of bariatric surgery was always ,1.0 (indicating a consistently beneficial effect of greater time in remission prior to relapse), the CIs crossed 1.0 in two of the sensitivity analyses (addition of proteinuria as a nephropathy end point and multiple imputation). As a result, our legacy effect finding should be interpreted with some caution and replicated in future studies with larger sample sizes and more complete data.
Conclusion
Our results indicate that a large and racially/ethnically diverse population of adults with type 2 diabetes who experienced remission of their type 2 diabetes after bariatric surgery also experienced a 29% reduction in risk of incident microvascular complications up to 7 years after surgery. In addition, even if they relapsed during this period, there was still a 19% reduction in risk for each year they spent in remission before this relapse. To date, this legacy effect on microvascular complications had only been seen in patients undergoing nonsurgical treatment for poor glycemic control. We also found that older age, longer duration of type 2 diabetes before surgery, being on insulin, and having uncontrolled type 2 diabetes at the time of surgery attenuated the effect of bariatric surgery on the risk of developing incident microvascular disease. Taken in combination with our other work (6, 7, 20) , this implies that younger patients with less severe type 2 diabetes may be more likely to experience the maximum benefits from bariatric surgery for remission of their type 2 diabetes and reduction in subsequent risk for microvascular disease.
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